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Should all patients with diabetes mellitus be screened for

hemochromatosis?

CASE HISTORY

The patient, a 46-year-old white man, was admitted
to the hospital because during the past 4 months he
had progressive nausea and vomiting and a marked
weight loss of 31.8 kg (70 Ib). Months before
admission, the patient noted increased thirst to the
point that during the 3 days before admission, he was
requiring ten to fifteen 64-0z bottles of a soft drink per
day. On the day of admission, the patient had emesis,

some epigastric discomfort, generalized weakness,
malaise, and lightheadedness.

His medical history was notable for obesity and
hypertension; he denied any recent use of alcohol,
drugs, or any medications. He had no previous
hospitalizations. He had no family history of diabetes;
his father had hypertension, and a sibling probably
had liver disease.

On admission, the patient’s temperature was 36.6°C
(97.9°F); respirations, 24 per minute; pulse rate, 120
beats per minute while lying and 148 while standing;
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and blood pressure, 122/84 mm Hg. He appeared
tachypneic but was alert and oriented. The findings of
the rest of the general physical examination were
normal. A finger-stick blood glucose test (Accucheck)
gave a reading of 500 mg/dL[27.8 mmol/L]. He had a
bicarbonate concentration of 10 mmol/L, an anion gap
of 17, and the serum specimen revealed ketones.
Arterial blood gas values with the patient breathing
room air were pH of 7.07, Pco, of 14.9 mm Hg, Po, of
144 mm Hg, oxygen saturation of 98.7%, bicarbonate
of 7.4 mmol/L, and a base excess of — 24.

An abdominal computed tomographic scan was
obtained, given the presentation of diabetic
ketoacidosis and the pronounced weight loss in this
previously healthy man (figure 1). The scan showed a
normal pancreas and a nonspecific homogeneously
and slightly increased density throughout the liver.

Further diagnostic tests and a liver biopsy were
performed. The liver core biopsy specimen
demonstrated hemochromatosis; iron was found
within hepatocytes, with the greatest accumulation in
the periportal zones. Diminished staining was evident
toward central zones. A genetic test for the HFE gene
was then performed (see below); the results confirmed
the diagnosis of hemochromatosis—the patient being
found homozygous for the C282Y mutation
(cysteine-to-tyrosine substitution at nucleotide 282).
Once his diagnosis was confirmed, we contacted
members of his family and recommended that they
have screening serum tests for phenotyping and
genetic testing, looking for the HFE gene as well. His
father was found to be homozygous for C282Y and had

had both knees replaced due to osteoarthritis and a
pacemaker fitted. His oldest brother, who had “some
liver problem,” was also homozygous for C282Y. His
homozygous sister was asymptomatic, and his
heterozygous brother had no phenotypic
manifestations or any other symptoms related to
hereditary hemochromatosis (HHC).

METHODS

For this evidence-based case review, we reviewed the lit-
erature on the natural history of hemochromatosis, its
clinical presentation, data on the HFE gene, and implica-
tions of this gene for health policy, such as whether to offer
genetic screening. We searched the literature by using the
Internet to access the web sites of the National Institutes of
Health, the Centers for Disease Control and Prevention
(CDCQ), and the Cochrane Library. We included random-
ized controlled trials from the past 5 years and systematic
reviews of case-control studies. Cross-sectional studies
were included to give the prevalence of the condition. The
studies identified in the search were reviewed and selected

after critically appraising the abstracts using the criteria
of Jadad.*

THE CLINICAL QUESTIONS

What is the prevalence of HHC, and what groups
are at highest risk?

Hereditary hemochromarosis is the most common genetic
metabolic disorder among people of northern European

Figure 1 Abdominal computed tomographic scan showing a normal pancreas and a nonspecific, homogeneously slightly increased density found

throughout the liver.
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ancestry. About 1 of 250 people among the US white
population are homozygous for the C282Y mutation, and
1 of every 10 people are carriers.*™

This autosomal recessive disorder was first described by
Trousseau in 1865. The disorder is associated with exces-
sive amounts of iron that deposit in the liver, pancreas,
joints, heart, and other organs. In 1977, Simon and col-
leagues established the genetic basis of this disease as an
association between HLA and a predisposition to the dis-
ease.’ As a result of the identification of the gene for
HHC, the number of patients with no clinical manifes-
tations in whom the disorder is being diagnosed at an early
stage is significanty increasing,

What are the clinical features of HHC?

The dassic presentation of HHC used to be bronze dia-
betes, or diabetes mellitus with hyperpigmentation of the
skin and liver cirrhosis. Other clinical manifestations
include fatigue, malaise, arthralgias and arthropathy, he-
patomegaly with elevated aminotransferase levels, hypogo-
nadism, impotence, hypothyroidism, and cardiomyopa-
thy.® Because the presentation is often nonspecific,
clinicians must maintain a high index of suspicion.

What tests should be performed to detect and to
confirm the diagnosis of HHC?
The earliest phenotypic manifestation in HHC is an el-
evated transferrin saturation. Although this is the best ini-
tial screening test, debate exists about the appropriate
cutoff for diagnosing HHC. In practice, a fasting trans-
ferrin saturation of 45% or greater identifies virtually all
affected homozygous persons as well as many who are not
affected.”

Undil recently, the next diagnostic step would include
a liver biopsy to further characterize patients with abnor-
mal results of iron studies. The iron load can be quanti-
tated subjectively with the use of a Prussian blue stain and
objectively by the calculation of the hepatic iron index,
which has been considered one of the most sensitive and
specific tests for establishing the diagnosis of HHC.?
With the discovery of the HFE gene, however, first re-
ported in 1996, testing for the gene may be the most

Strategies to prevent iron overload disease

appropriate initial confirmatory test in some patients. It is
also an extremely useful tool for screening the relatives of
an identified proband.

What is the role of genetic testing?

The HFE gene, located in the short arm of chromosome
6, encodes a major histocompatibility complex (MHC)
class I protein. Many mutations have been identified: one
results in the change of cysteine to tyrosine at position 282
(Cys282Tyr), a second results in a change in histidine at
position 63 to an aspartate (His63Asp),"* and another
(S650) may increase the risk of iron overload.

Many publications in the medical literature describe
the HFE genotypes in patients with hemochromatosis,
and the homozygous C282Y genotype seems to be asso-
ciated with the greatest risk for iron overload.3***4 The
importance of other HFE mutations is controversial. The
risk of developing iron overload for persons with these
other HFE mutations is unknown. The studies that quan-
tify this risk calculate the odds ratio for the development of
iron overload for each genotype compared with the ho-
mozygous C282Y. These studies found that homozygosity
for C282Ywas associated with the greatest risk (odds ratio,
2,300), followed in order by compound heterozygosity
(C282Y/H63D), H63D homozygosity, C282Y heterozy-
gosity, and last, H63D heterozygosity, which was associ-
ated with the lowest risk (odds ratio, 1.6).*®

Even though genetic testing could be implemented for
population-based screening, it is still not practical (see be-
low), nor is it cost-effective. This is because of uncertain-
ties about prevalence and penetrance of HFE mutations
and the optimal care of asymptomatic people carrying the
mutation.’>*® The gene test is most useful at the moment
for screening family members of an identified proband.
Also, in some cases HFE gene testing may eliminate the
need for liver biopsy—that s, for patients with evidence of
iron overload who are C282Y homozygous, a liver biopsy
may be unnecessary to confirm the diagnosis of HHC.

Should patients with diabetes and the general
population be screened for hemochromatosis?
Early diagnosis of hemochromatosis might be expected to
reduce the burden of the disease. However, diabetes is a

Enhanced case findings Universal screening

Advantages Occurs in the usual health care setting
Accessible follow-up

Lower number of persons tested

Less false-positive tests

Could miss patients with early symptoms
Initiation of treatment might be too late to
achieve full benefits of early phlebotomy

Disadvantages

Detection before the onset of any symptoms
Greater impact on the reduction of the avoidable complications
of HHC

More false-positive results

More persons exposed to psychological, social or economic
consequences

Additional resources required
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common disease, and the penetrance of the HFE muta-
tion and the optimal care of asymptomatic people carrying
this mutation are uncertain. Screening diabetic patients for
the HFE mutation has many implications, including the
possible social, economic, and psychological effects that
the diagnosis of HHC can carry. Accordingly, the current
recommended approach to the prevention of iron-
overload disease could be divided into 2 possible strate-
gies'”: enhanced case finding (this strategy justifies screen-
ing diabetic patients for iron overload) versus universal
screening of all patients (not justifiable) (see box).

Enhanced case finding

Enhanced case finding becomes the first stage in a public
health response when evidence has emerged for an effec-
tive early treatment of a disorder. It means the detection of
HHC at the time of early symptoms, and it allows patients
to benefit from early phlebotomy.

The nonspecific symptoms of HHC are relatively
common among all people, and some of the morbidity in
screening studies could be due to other causes. It is, there-
fore, possible that only a subset of persons detected in this
program would develop disorders attributable to iron
overload. Furthermore, because transferrin saturation
screening leads to treatment, prospective follow-up in itself
cannot be used to determine the proportion of persons
testing positive for the disorder who would remain healthy
over time if untreated.

The implementation of this approach would include
adding fasting serum transferrin saturadon to the usual
workup of patients with newly diagnosed diabetes melli-
tus, arthritis, and impotence (figure 2).2¢ The CDC rec-
ommends such iron-overload testing in anyone with pos-
sible symptoms of hemochromatosis, which includes pa-
tients with newly diagnosed diabetes mellitus (see below).

Universal screening

Before implementing universal screening, we would need
more evidence of benefit because it involves the testing
and treatment of healthy people without any medical
complaints. Despite all possible benefits that this could
offer, the CDC does not recommend universal screening
for HHC because of many unresolved issues.*4*

What do the CDC guidelines say about screening for
iron overload?

The guidelines state the foﬂowing18:

The CDC currently recommends iron overload testing
for persons who have a close blood relative with heredi-
tary hemochromatosis, because they have a substantial
tisk of developing clinical complications and represent an
ideal group for targeted prevention efforts. In addition,
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Figure 2 Screening algorithm for hereditary hemochromatosis in
patients with type 2 diabetes mellitus (DM 1II). TS = transferrin
saturation; AST/ALT = aspartate aminotransferase and/or alanine
aminotransferase; HIC = hepatic iron concentration; and HII =
hepatic iron index.

persons experiencing the unexplained symptoms compat-
ible with hemochromatosis (these symptoms include se-
vere weakness or fatigue; unexplained joint or abdominal
pain; signs of liver disease, diabetes, or heart problems;
impotence; infertility; and loss of menstrual periods)
should also be tested. Testing to exclude other causes
of these medical problems should also be performed. Per-
sons with elevated iron or liver function measures should
be monitored by their health care provider. Strategies
are needed to disseminate information to family mem-
bers about their genetic risk and to aid their efforts to
be tested. This challenge must be accomplished in the
course of patient care. Educational efforts are needed to
heighten awareness of the genetics of iron overload and
prevention opportunities among family members. To
this end, CDC, in collaboration with other partners, is
developing a national education campaign to heighten
health care providers’ awareness of the need for early
diagnosis and treatment of iron overload due to heredi-
tary hemochromatosis.

What is the most effective management of HHC?

Physicians” responsibility is not only to provide patients
with adequate treatment but also to ensure that family
screening is performed.*® The treatment of HHC is safe,
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simple, inexpensive, and effective (suggested by clinical
observations) in preventing the complications of iron
overload.

Patents should undergo weekly phlebotomy of 500
mL of whole blood (equivalent to about 250 mg of iron).
Therapeutic phlebotomy should be initiated in men with
serum ferritin levels of 300 pg/L or more and in women
with serum ferritin levels of 200 pg/L or more, regardless
of the presence or absence of symptoms. It should be
continued until patients develop iron-limited erythropoi-
esis—that is, when the patient’s hematocrit fails to recover
before the next phlebotomy, the transferrin saturation is
more than 50%, and serum ferritin levels are less than 50
pg/L.*® Once this initial therapeutic phlebotomy is com-
pleted, patients will require maintenance phlebotomy of 1
unit of blood every 2 to 3 months, although some patients
do not reaccumulate iron.

References

1 Jadad A. Assessing the quality of randomised controlled trials: why,
what, and by whom? In: Randomised Control Trials. London: BM]
Books; 1998:45-60.

2 Brandhagen DJ, Fairbanks VF, Batts KP, Thibodeau SN. Update on
hereditary hemochromatosis and the HFE gene. Mayo Clin Proc
1999;74:917-921.

3 Edwards CQ, Griffen LM, Goldgar D, Drummond C, Skolnick MH,
Kushner JP. Prevalence of hemochromatosis among 11,065 presumably
healthy blood donors. NV Engl ] Med 1988;318:1355-1362.

4 Bacon BR, Tavill AS. Hemochromatosis and the iron overload
syndromes. In: Zakim D, Boyer TD, eds. Hepatology: A Textbook of
Liver Disease. Philadelphia: WB Saunders; 1996:1439-1472.

5 Simon M, Bourel M, Genetet B, Fauchet R. Idiopathic
hemochromatosis: demonstration of recessive transmission and early
detection by family HLA typing. N Engl ] Med 1977;297:1017-1021.

6 Bacon B, Sadiq S. Hereditary hemochromatosis: presentation and
diagnosis in the 1990s. Am | Gastroenterol 1997;92:784-789.

7 McLaren CE, McLachlan GJ, Halliday JW, et al. Distribution of
transferrin saturation in an Australian population: relevance to the early
diagnosis of hemochromatosis. Gastroenterology 1998;114:543-549.

8 Bonkovsky HL, Slaker DP, Bills EB, Wolf DC. Usefulness and
limitations of laboratory and hepatic imaging studies in iron-storage
diseases. Gastroenterology 1990;99:1079-1091.

9 Deugnier YM, Turlin B, Powell LW, et al. Differentiation between
heterozygotes and homozygotes in genetic hemochromatosis by means
of a histological hepatic iron index: a study of 192 cases. Hepatology
1993;17:30-34.

10 Feder JN, Gnirke A, Thomas W, et al. A novel MHC class I-like gene
is mutated in patients with hereditary haemochromatosis. Nar Genet
1996;13:399-408.

11 Beutler E, Gelbart T, West C, et al. Mutation analysis in hereditary
hemochromatosis. Blood Cells Mol Dis 1996;22:187-194.

12 Bacon BR. Metabolic liver disease: iron overload states. Clin Liver Dis
1998;2:63-75.

13 Jazwinska EC, Cullen LM, Busfield F, et al. Haemochromatosis and
HLA-H [letter]. Nat Genet 1996;14:249-251.

14 Cogswell ME, McDonnell SM, Khoury MJ, Franks AL, Burke W/,
Brittenham G. Iron overload, public health, and genetics: evaluating the
evidence for hemochromatosis screening. Ann Intern Med
1998;129:971-979.

15 Cogswell ME, Burke W, McDonnell SM, Franks AL. Screening for
hemochromatosis: a public health perspective. Am ] Prev Med
1999;16:134-140.

16 Burke W, Thomson E, Khoury M]J, et al. Hereditary hemochromatosis:
gene discovery and its implications for population-based screening.
JAMA 1998;280:172-178.

17 Burke W, Cogswell M, McDonnell S. Public health strategies to
prevent the complications of hemochromatosis. In: Khoury MJ, Burke
W, Thomson EJ, eds. Oxford Monographs on Medical Genetics. Genetics
and Public Health in the 21st Century: Using Genetic Information to
Improve Health and Prevent Disease. New York, NY: Oxford University
Press; 2000:447-462.

18 Reyes M, Khoury M. Screening for Iron Overload Due to Hereditary
Hemochromatosis. US Dept of Health and Human Services, Centers for
Disease Control and Prevention. Available at: www.cdc.gov/ncedphp/
dnpa/hemochromatosis/screening.htm. Updated July 6, 2001. Accessed
August 8, 2001.

19 Tung BY, Kowdley KV. Clinical management of iron overload.
Guastroenterol Clin North Am 1998;27:637-654.

www.ewjm.com



